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(54) lyiusicai tone-generating method 

(57) A method of generating musical tones and a 
storage medium storing a program for executing the 
method are provided. Musical piece data is decom- 
posed into phrases, the musical piece data being 
formed of pieces of perfarmance data arranged in the 
order of performanca The pieces of perlbrmance data 
of the musical piece data are analyzed for each of the 
phrases obtained by the decomposing stsp. Tone cotor 
control data is prepared for each of the phrases accord- 
ing to resuHs of tfw analyzing. The pieces of perfomv 



ance data of the musical piece data are reproduced by 
sequentially readv^g the pieces of performance data at 
tinting at which the pieces of performance data are to be 
performed to the order of performanca Tone cofor char- 
acteristics of musical tones to be generated based on 
selected ones of the pieces of performance data which 
are reproduced by the reproducing step^ are controlled 
aoconfing to tfte tone color control data prepared tor 
ones of the phrases to which the selected ones of the 
pieces of perfbrmancedata belong, respectively. 
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Descflption 

BACKQRQUNP OP THE INVgMTIQM 

ReJd of the invention 

The invention relates to a nusical tone-generating 
method for generating waveffbrms of musical tones 
based on performance data. 

Prior Art 

Conventionatty. tone g^eratorSi such as an PM 
tone generator, a higher harmonic-synthesizing tone 
generator, and a waveform memory tone generator, 
generate waveforms of nnisical tones based on per- 
formance data. 

Por example, in the waveform memory tone gener- 
ator, when a performance event instructing a start of 
generation of a musical tone occurs, waveform data of a 
currently selected tone color is read from a waveform 
memory at a speed conesponding to a pitch designated 
t3y the Performance mnt, whereby a waveform of the 
musical tone is generated based on the waveform data 
read from the waveform memory. 

However, it is difficult for the coriventiorial tone gen- 
erators to express musical tones played by performance 
methods peculiar to natural instruments. When the 
player plays a musical piece with a natural instnmnt 
he selects the most suitable perfbrmance method for 
playing each phrase of the musical piece from various 
performance methods pecuQar to the natural instru- 
ment Therefore, when the musical piece is played with 
the natural instrument the tone color of musical tones 
naturally varies with the performance method selected 
for playing ei^phraseiHoMfmr, the conventio na l tone 
generator mentioned above cannot faithfidly express 
variations in the tone color of the musical tones between 
performance methods. 

SUMMARY OF THE INVENTIQN 

ft is an object of the invention to provide a musical 
tone-generatine n atiod which is capable of faithfully 
expressing variations in the tone color of musical tones 
between performance methods pecular to a natural 
instrument 

To attain the above object aooonSng to a first 
aspect of the inventioa there is provided a method of 
generating musical tones; oompristfig a decomposing 
step of deconposing musical piece data into phrases* 
the musical piece data being formed of pieces of per- 
formance data arranged in order of performance, an 
analyzirig step of analyzing the pieces of performance 
data of the musical piece data for each of the phrases 
obtair^ by the decomposing step, a preparing step of 
preparing tone color control data for the each of the 
phrases according to results of the analyzing, a repro- 



ducing step of reproducing the pieces of performance 
data of the musical piece data by sequentially reading 
the pieces of performance data at timing at which the 
pieces of performance data are to be performed, and 

5 a controlling step of controlling tone color charac- 

teristics of musical tones to be generated based on 
selected ones of the pieces of performance data which 
are reproduced by &ie reproducing step, according to 
the tone cola control data prepared for ones of the 

10 phrases to which the selected ones of the pieces of per- 
formance data belong, respectively 

To attain the above object, according to a second 
aspect of the invention, there is provided a method of 
generating rmsical tones, compising a first storing step 

15 of storing a plurality of pieces of tone color control data 
c on -e sp ondng to respective performance methods in 
tone color control data-storing means, a second storing 
step of storing perfonnance data in perfamance data- 
storing means, a data-generating step of generating 

20 perfonnance method data that designates which of the 
performance methods the perfornmnce data corre* 
sponcte ixx a selectffig step of selecting one of the 
pieces of tone color control data which corresponds to 
the performance method data generated by the data- 

2S generating stepi a musical tone-generating step of gen- 
erating a musical tone based on the performance data, 
and a controlitng step of controlling tone color charac- 
teristics of the musical tone generated by the musical 
tone-generating step, according to the selected one of 

30 the pieces of tone color control data. 

Preftaifaly, the method includes a tone color-select- 
ing step of selecting a kind of tone color of a musical 
tone to be generated, anda tfmd stormg step of storing 
pieces cf the performance method data peculiar to the 

38 selected Mnd of tone color, in perfonnance method 
data-storing means, the data-generating step selecting 
and generating a desired piece of peribrmance method 
data from the pieces of ttra peribrmance method data 
peculiar to the kM of tone color selected by the tone 

40 ooksr-selecting step, according to the performance data. 
PrefMbly, the pieces of tone odor control data 
each include a pkffality of waveform data conesponding 
respectively to the performance mettiods. 

Preferably, the pieces of tone cotor control data 

45 each include a plurality of sounding control programs 
corr esp oncfing respectively to the peribrmance meth- 
ods. 

To attain the above object accorc&ig to a tNrd 
aspect of the Invention, there is provided a method of 

59 generating musical tones, comprising a frststorvig Step 
of storing a plurafity of Wnda of waveforms for gsneral- 
ing giissarKk) wavefonns in nrusical tone waveform-stor- 
ing means, each of the kinds of waveforms itself having 
a tone color variation characteristic and a pitch variatton 

5f characteristic peoiiar to a gDssando performance 
method, and corrprising an attack portion to be read out 
f ffst only once and a kxsp portion to be repeatedly read 
out after the attack portkan is reed out a waveform-des- 
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ignating step of sequentially designating a sequence of 
wavefbrnis necessary for generating a desired gits- 
sando waveform from the pturafHy d kinds of wavelbrms 
stored in the musical tone waveform-storing means, a 
timing^esi^urting step of designating sounding timing 
for starting reading of each waveform of the designated 
sequence of waveforms designated t>y the timing-desig- 
nating step, a first reading step of starting reading of the 
attack portion of the each waveform of the sequence of 
wavefomrs. at the designated sounding timing while ter- 
minating reading of an Invnedlatefy preceding waveform 
being sounded, a seciDnd reading step of repeatedy 
reading the loop ponfon following the attack portksn 
upon conpletion of the reading of the attack portion, 
and a generating step of repeatedly executing the first 
and second reading steps to sequentially read out the 
designated sequence of wavefomts and generating 
rm^icaJ tones based on the designated sequence of. 
waveforms. 

To attain the above object according to a foirth 
aspect of the inventfon. there is provided a method of 
generating musical tones, conrprising a storing step of 
storing a plurality of kinds of waveforms of musical 
tones which change in pitch between two pitches, in 
musical tone waveform-storing means, a readng step of 
selectively readffig out waveforms from the plurality of 
kinds of waveforns stored in the musical tone wave- 
form-storing means, a selecting step of selecting at ran- 
dom one waveform from the plurality of kinds of 
waveforms of musical tones stored in the nnisical tone 
wavefomfi-stonng means whenever the selective read- 
ing of another waveform of the plurality of Mnds of wave- 
forms selected immediately befbre the selection of the 
one wavefonn is terminated, a generating step of gener- 
ating a musical tone by reading out the waveform 
selected by the selecting stepi 

To attain the abofB object aooorcfing to a fifth 
aspect of the invention, there is provided a method of 
generating musical tones, conprising a fffst storing step 
of storing a plurality of kMs of waveforms of musical 
tones each having a first characteristic as e first musical 
torie waveform group in first waveforn)-stDring means, a 
second storing step of storing a plurality of kinds of 
waveforms of nrusical tones each having a second char- 
acteristic as a second nrvsical tone wavefonn group in 
second waveform-storing means, a selecting step of 
selecting a waveform altematefy from the first musical 
tone waveform groip and the second musical tone 
waveform groMpi. and a generating step of generating a 
nrxisical tone by readtog out ttM waveform selected by 
the selecting stepL 

To attain the above object accordvig to a sixth 
aspect of the invention, there is provided a storage 
mecfium that stores a proi^am that can be carried out by 
a computer, comprising a deoonrpo si ng module that 
decomposes musical piece data into phrases, the rw^ 
cal piece data being formed of pieces of performance 
data ananged in order of performance, an analyzing 



module that analyzes the pieces of performance data of 
the oxisical piece data for each of the phrases obtained 
by execution of the decomposing module, a preparing 
module that prepares tone color control data for the 

5 each of the phr^es acoorc£ng to results of the analyz- 
ing, a reprodudng module that reproduces the pieces of 
performance data of the nrrusical piece data by sequen- 
tially reading the pieces of performance data at timing at 
which the pieces of performance data are to be per- 
10 formed to the order of performance, and a contro(Iir)g 
module that controls tone cotor characteristics of musi- 
cal tones to be generated based on selected ones of the 
pieces of performance data which are reproduced by 
execution of the reproducing modula according to the 

15 tone cofor control data prepared for ones of the phrases 
to which the selected ones of the pieces of peribrnrtance 
data befongs, respectively. 

To attain the above object according to a seventh 
aspect of the invention, there is provided a storage 

20 medium that stores a program that can be earned out by 
a computer, comprising a first storing module that 
stores a plurality of pieces of tone color control data cor- 
responcfing to respective peribmrtance methods in tone 
color control data-storing means, a second storing mod- 

25 ule that stores performance data in peribrmance data- 
storing means, a data-generating module that gener- 
ates performance method data that designates which of 
the performance methods the performance data core- 
sponds ta a selecting modiie that selects one of the 

30 pieces of tone color control data which corresponds to 
the performance method data generated by execution 
of the data-generating modiie; 

a musical tone^jenerating module that gener- 
ates a musical tone based on the performme data. 

38 and a controtling nrxxlule that contmis tone cotor char- 
acteri^ of the musical tone generated by execution of 
ttie musical tone-generate modtie. according to the 
selected oneof the pieces of tone cofor control data. 
To attain the atxm object according to an eighth 

40 aspect of the invention, there is provMed a storage 
mecfium that stores a program that can be carried out by 
a oonputer. conrprising a first storing nxxhie that 
stores a plur^ity of kinds of waveforms for generatkig 
glissando waveforms in musical tone waveform-storing 

4ff means, each of the Wnds of waveforms itself having a 
tone cotor variation chmcteristic and a pitch variation 
characteristic phscuflar to a glissando performance 
method, and comprising an attack portion to be read out 
first only once and a foop portion to be repeatedly read 

50 out after the attack portion is read out a waveform-des- 
ignating module that sequentially designates a 
sequence of w^efbrme necessary for generating a 

' desired gtissando waveform firom the pturafity of kinds of 
waveforms stored in the musical tone wavefonm-storirig 

59 means, a timing^lesignating module tiwt designatss 
soun^ timing for starting reading of each waveform of 
the designated sequence of waveforms designatsd by 
execution of the timing-designating module, a first read- 
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ing module that starts read ng of the attack portion of 
the each waveform of the designated sequence of 
wavefomis. at the designated sounding timing while t^- 
minating reecfing of an immediately preceding waveform 
being sounded, a second reading module that repeat- 
edly reads the loop portion following the attack portion 
upon completion of the reading of the attack portfon. 
and a generating module that repeatedly executes the 
first and second reading module to sequentially read out 
the designated sequence of waveforms and generating 
musical tones based on the designated sequence of 
waveforms. 

To attain the above object according to a ninth 
aspect of the invention, there is provided a storage 
medium that stwes a program that can be canied out by 
a cornputer. comprising a storing module that stores a 
plurality of kinds of waveforme of musical tones which 
change in pitch between two pitches, in musical tone 
wavefomvstoring means, a reading module that selec- 
tively reads out waveforms from the plurality of Mnds of 
waveforms stored in the musical tone waveform-staing 
means, a selecting module that selects at random one 
wavefonn from the plurality of kinds of waveforms of 
musical tones stored in the musical tone wavefonn-stor- 
ing means whenever the selective reading of another 
waveform of the plurality of kinds of waveforms selected 
immediately before the selection of the one waveform is 
terminated, and a generating module that generates a 
musical tone by reading out the waveform selected by 
■ execution of the selecting module. 

To attain the above object acoorefing to a tenth 
aspect of the invention, there is provided a storage 
medium that stores a program that can be canied out by 
a cornputer, comprising a first storing module that 
stores a plurality of kinds of waveforme of musical tones 
each having a first characteristic as a first musical tone 
waveform group in first wavefomvstoring means* a sec- 
ond storing module that stores a plurafity of lands of 
waveforms of musical tones each having a second char- 
acteristfo as a second musical tone waveform group in 
second wavefomrvstoring meane, a selecting module 
that selects a waveform attemately from the fffst musical 
tone waveform group and the second musicai tone 
waveform groups and a generating module that gener- 
ates a musical tone by readbig out the waveform 
selected by sxecutfon of the selecting module. 

The above and other objects. fMurea and advan- 
tages of the inventfon wi become more apparent from 
the following detailed deacriptton taken in cor^unctfon 
with the aooompanyffig drawing8b 

BRIEF DESCniPTIQN QF THE DRAWINQ8 

Ftg. 1 is a block diagram show^ the whole 
anangement of a musical tone-generating appara- 
tus to which a musical tone-generating method 
according to arf embodiment of the inventfon is 
applied; 



Rg. 2 is a diagram showing vanous switches 
arranged on an operating elemerrt panel and an 
example of display displayed on a display devfoe; . 
Rgs. 3 A to 3D are diagrams showing an exanpie of 
5 a plurality of tone cdor data stored in a hard disk in 
a hard disk drive appearing in Rg. 1 and data tor- 
mats thereof: 

Rg. 4 is a diagram which is useful in explaining a 
manner of forming gfissarxto waveform data stored 

10 in a waveform data area appearing in Rg. 3; 

Rgs. 5A to SE are diagrams which are usefid in 
explaining a manner of forming trill waveform data 
stored in a waveform data area appearing in Rg. 3: 
Rgs. 6A and 6B are block dagrams which are use- 

'5 ful In explaining a manner of assigning a perform- 
ance method code to performance information; 
Rgs. 7A and 7B are diagrams showing a data tor- 
mat of performance information and a data format 
o# performance infonnation to which the perform- 

20 ance method code is added, respectively: 

Rg. 8 is a btock cfiagram whfoh is useful in earn- 
ing an outline of a control process carried out by the 
musical tone-generating apparatus according to the 
emtxxfiment; 

2S Rg. 9 is a ffowchart showing a routine for executing 
a C performance informatkxvreproductng process 
for reproducing a C performance infon ma tfon: 
Rg. 10 is a flowchart showing a subroutkte exe- 
cuted by the routine of Rg. 9 fbr an event process; 

30 Rg. 11 is a ffowchart showving a subroutine exe- 
cuted by the routine of Rg. 9 for a performance 
method code process; 

Rg. 12 is a flmchart showing a subroutine for a 
glissando start process; 
38 Rg. 13 is a ffowchart showing a subroutine fbr a 
glissando continuatfon timer process; 
Rg. 1 4 is a flowchart showing a subroutine for a trBI 

1 start process; 

Rg. 1 5 is a ffowchart showing a subroutine for a trai 
40 1 continuatfon timer process; 

Rg. 16 is affowchart showing a subroutine for a trfll 

2 start process; and . 

Rg. 17 is affowchart showing a subroutine for a trill 
2 continuation timer process. 

49 

PETAILfPDESCniPTIQN 

Nm. the invention wil be descrfoed in detai with 
reference to the drawings showing an embod ment 
50 thereof. 

Referring first to Rg. 1. there is shown the whole 
arrangement of a musfoal toneijenerating apparatus to 
whfoh is applied a musical tone-generating method 
according to an embodiment of the inventfon. 
55 As shown in the figure^ the musical tone-generating 
apparatus of the present embod im ent is comprised of 
an operating element panel 1 tor in str uc ti n g sampimg of 
musical tonea. editing sampled wavefbrm data and the . 
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like, inputting various Mnds of tnforrratioa and so on, a 
display device 2 for dspiayfng the various kinds of infor- 
matkyi input via the operating element panel 1. the 
sampled wavefomfi data, eta, a CPU 3 for controlling 
the operation of the whole musical tone-generating 5 
apparatus, a ROM 4 storing control prograns executed 
by the CPU 3 and data of tatsles to whk:h the CPU 3 
refers, a RAM 5 for temporarily storing results of opera- 
tions of the CPU 3. various kinds of information input via 
the operating element panel 1 . etc.. a timer 6 for meas- ro 
uring time intervals of execution of timer interrupt rou- 
tines executed by the CPU 3 and various Idnds of times, 
a waveform input bkxk 7 which incorporates an A/D 
(analog to digitaO converter and operates to convert 
(sample) an analog muskal tone signal input via a fs 
mkTophone 15 into digital basic waveform data (wave- 
form data as a material of musical tone waveform data 
to be output) and write the converted data into a wave- 
form RAM 12. an access control block 8 for controOing 
access to the waveform RAM 12 to write waveform data 20 
therein and access to the same to read waveform data 
therefrom such that no coUiskxi occurs between the two 
kinds of accesses, a waveform readout btock 9 for 
accessing the waveform RAM 12 via the access cortroi 
block 8 to read waveform data therefrom, a disk drive 10 25 
fordrivtngadiskfor storing waveform data, information 
related to the wavefonm data (performance method 
analysis control data, performance method interpreta- 
tfon data, performance method waveform-designating 
data. etc. referred to hereinafter), a plurality of lands of 30 
tone color data compr^ of various tone color param- 
eters and the like, various lands of application programs 
including control programs executed by the CPU 3, per- 
formance data (musical piece data) prepared in 
advance, etc., and a MIDI interface (UO) 1 1 lor inputting 35 
a MIDI (Musical Instrument DigitBl Interface) signal 
(code) received from an external electronic musical 
instrument and delivering a MIDI signal to an SKternal 
electronic musical instrument or tfie like. 

The abcve conrponents 1 to 11 are connected to 40 
each other via a bus 14. A microphone 15 is connected 
to the waveform input bfock 7, wttich has an output 
thereof connected to an input of the access control 
block 8. The access control block 8 is connected to the 
waveform RAM 12 and the waveform readout btock 9. 45 
and the access oontroi btock 8 has an ou^ thereof 
connected to an bput of a sound system 13 conprised 
of an amplifier and a loudspeaker. 

The disk drive 10 can drive various storage media 
which include a hard dtek, a ftoppy disk, a CD-ROM, a so 
magneto-optfoal (Ssk, ete. However, the foaowing 
desaptton will be nnde on assumption that a hard dsk 
is driven by the disk drive 10. 

The waveform readout block 9 incorporate s a tone 
generator and a D/A (digital to anatog) converter, ne^ 55 
ther of which is shown. When performance data is 
reproduced to csoise a note-on event to occur, and a 
musical tone-generating channel is determined for the 



note-on went i.e. cfiannel assigrvnent is earned out 
settings for readng out the basic waveform data, whi^ 
corresponds to the note-on arent and other settings of 
musical tone parameters are made to the musical tone- 
generating channel. The waveform readout block 9 
reads out the basic waveform data from the waveform 
RAM 1 2 according to the former settings for reading out 
the basic waveform data, while the tone generator con- 
trols the frequency characteristic amplitude character- 
istic, etc. of the read waveform data according to the 
latter settings for nnjsical tone parameters, whereby 
digital musical tone waveform data to be output is gen- 
erated. The 0/A converter converts the cSgital musk:al 
tone waveform data into an anatog nnisical tone signal 
and delivers the resulting signal to the sound system 1 3. 
The sound system 13 converts the analog musical tone 
signal into souids. 

Fig. 2 shows various switches arranged on the 
operating element panel 1 and an example of display 
displayed on the display device 2. The figure illustrates 
what is displayed on the display device 2 when a per- 
fomutnce method-setting nrnade ts selected which ena- 
bles the player to manually set various peribrmance 
n^ethods to performance informatton. 

As shown in the figure, the operating element panel 
1 has peribrmance nwthod-setting switches for manu- 
ally setting a perfonnance method (selected from per- 
fonnance methods A. a C. D. ...) fbr each of phrases 
ottained by dividing performance data, as descrdsed 
hereinafter, and a peribmnance method tenninatton 
SMTitch lor canceling the performance method set by any 
of the performance nrrethod-setting switchee. i.e. for set- 
ting a no-performance method-selected state The dis- 
play 2 displays various Idnds of performance methods 
whtoh can be selected for the tone cotor currently 
selected (in the aiustrated example, "benc&ig ' **tremoto 
1 "tremoto 2'. and "giissandoO. a manner corre- 
sponcfing respectively to the peribrmance method-set- 
ting switches. The player can add an peribrmance 
method performance infonmatton as desired by 
depressing a switch correspondgig to the performance 
method at a point of the performance where he wishes 
to add the peribrmance method thereta 

Rgs. 3A to 3D shcMr an exanple of a plurality of 
tone cotor data TCDk stored in the hard (fisk of the dtek 
drive 1 0 and data formats thereoi In the figures, Rg. 3 A 
shows an arrangement in which the torte cotor data 
TCOk (k - 1 , 2, 3, ...) e stored in the hard (fisk, Fig. 3B 
a data format of an item TC05 of the tone color data. 
Rg. 3C an example of various Ignds of waveform data 
obtained by 8a^^pling and processing musical tones 
generated by various guitar peribrmance methods and 
stored in the hard disk, assuming that the tone color 
data TCD5 is tone cotor data of guitar, and Rg. 30 an 
example of various Mnds of waveform data obtained 
and stored simOariy to the Rg. 3C exanple. assuming 
that the tone cotor data TCD5 is tone cotor data of fhite. 

The other items of the tone ootor data TCDk are 
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each formed in the same data format as that of the tone 
color data TC05. The data format is comprised of a 
header area 21 storing a tone odor name, a data vol- 
unrte, etc., performance method analysis (a designa- 
tion) control data area 22 storing information indicative 5 
of kinds of performance method supported by the tone 
color data* in other words, information indicative of kinds 
of performance methods enrployed by a natural instru- 
ment corresponding to a tone cotor which the tone cofor 
data represents (this informatfon is referred in the w 
present embodiment as ^'performarKe method codeO. 
and info rma tion incficative of which kind of performance 
method shouM be property assigned to performance 
information (&g. a sequence of performance data) 
when a performance method code indicative of the per- 15 
formance method is to be assigned to the performance 
information which has no performarKe method code 
assigned thereta a perfonnance nrtethod Interpretation 
data area 23 storing periormance method interpretatfon 
information for determining how to process and control 20 
parameters of the performance tnformatkxi aoconSng to 
a peribrmance method code assigned to the periorm- 
ance informatfon, a peribrmance method waveform- 
designating data area 24 storing pmformance method 
wavefbnrvdesignating data for correlating each per- ^ 
formance method code to each of waveform data 
obtained by sampling and processing musical tones 
and stored in a waveform data area 25. the waveform 
data area 25 storing the waveform data, and an other 
tone cola data area 26 storing other tone cofor data. 30 

If the tone color data TCD5 is data for reproducing 
musical tones having a tone cofor of guitar, for instance, 
musical tone wavsffbrms generated by an acoustic gui- 
tar actually played with various performance methods, 
indudffig a normal waveform generated when the guitar ss 
is played by a normal peribrmance method, a nute 
wavefomi generated when the same is played by a 
nrute periormance method, a gtissando waveform gen- 
erated when thesameisplayedbyaglissandoperiiarm- 
ance method, a tremoto waveform generated when the 40 
same is played by a trenwfo peribrmance method, a 
hammering-on waveform generated when the same is 
played by a hammering-on peribrmance method, and a 
F»jlltng-off waveform generated when the same is 
played by a puiBng-off peribr man ce method, are sam- 45 
pled, processed, and stored in the wavefor m data area 
25 as shown in Fig, 3& Further, the waveform data area 
25 stores other data reqiflred for reproducing such vari- 
ous kinds of waveforms as mentioned above. 

Further, if the tone color data TCD5 is data for so 
reproducing musical tones having a tone color of flutsi 
for instance, musical tone waveforms generated by an 
acoustfo flute actually played with various peribrmance 
methods, tnctuding a normal waveform generated when 
tfie flute is played by a normal performance method, a 55 
short waveform generated when the same is played for 
a short time period, a tonguing waveform generated 
when the same is played by a tonguvig peribrmance 
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method, a slur waveform generated when the same is 
played by a slur performance method, and a trill wave- 
form generated when the same is played by a triO per- 
fonnance method, are sampled, processed, and stored 
in the waveform data area 25. as shown in Rg. 30. Sim- 
ilariy to Fig. 3C, the waveform data area 25 stores other 
data. 

The tone cotor data TCOk thus stored in the haid 
disk is read out according to a tone color designated by 
the player, and loaded into the waveform RAM 12. 

tio$i, a manner of preparing glissando waveform 
data for storage in the waveform data area 25 will be 
described with reference to Rg. 4. In the figure, the ordi- 
nate represents pitch, and the abscissa time, while the 
solid line LI represents changes in the pitch of raw or 
unprocessed waveform data obtained by sampTtng a 
musical torre waveform actually generated when the 
guitar is played by the player tiy a glissando perform- 
ance method f^ a pitch pi to a pitch p2. 

From the raw waveform data thus obtained by sam- 
pling, waveform data is cut out for each note (in the illus- 
trated example, waveform data corresponding to a time 
period from a time point til to a time point t13 is cut 
out), to thereby prepare glissando wavefomn data for 
each note, whfoh has an attack portion formed by part of 
the cut-out waveform data (between tinre points t11 and 
t12 in the inustrated example), and a kxp porlfon 
fornied by the remaining part of the sanf)e (between tinie 
points t12 and t13 in the iSustrated ocample). The glis- 
sando waveform data in Fig. 3C is formed bf a combt- 
natfon of a plmlity of pieces of glissando waveform 
data prepared for respective notes. 

When a musical tone is to be generated which is 
imparted with the effect of glissando between pitches 
designated by the player, first sounding is started from 
a certain note, i.a a note at a start pitch designiated by 
the player. Then, sounding of a note correspondbg to a 
pitch higher by one note than the pitch of the note being 
sounded is instnjcted whenever a predetermined time 
period elapses, and at the same tima damping of the 
note being sounded is instmcted. Thereafter, the same 
process is repeatedfy carried out over a time period indi- 
cated by a glissando contfriuatfon beat number set for 
the gOnando perfonnance. i.e. the number of beats 
over wMch the glissando peribrmance should be contin- 
ued. When the soundkig of ttte note oorresponcfing to 
the start pitch is instructsd. an attack portfon of normal 
waveform data corresponcf ng to ttiis note instead of 
glissando waveform data prepared for each note is first 
read out and then reading of a loop portfon of the nor- 
mal waveform data is started. The readng of the toop 
portfon is repeatedhf canied out ip to a time point at 
which a predetermined time period a elapses from a 
time point at which souKling of the follow^ note was 
instructed. I.a until a time point at which the volume of 
the present note is reduced befow a predetennined 
threshoU value (which may be ^'O *) after danpingof the 
present note (fbr progressive reductksn of the volume 
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through corrtrol of the votume EG) was instructed simul- 
taneously with instruction of the sounding of the follow- 
ing note. On the other hand, over the predetermined 
time period a after the tinm point the sound ng of the fol- 
lowing note was instructed, an attack portion of glis- 5 
sando waveform data of the following note sounding of 
which was instructed is read out Bnd then a loop por- 
tion of the same ^arts to be read out Hereafter, sound- 
ing of a note coaespondlng to a pitch higher by one note 
than the pitch of the note being sounded is instructed 10 
whenever the predetermined time period elapses, and 
in response thereta glissando waveform data (attack 
portion * loop portion) corresponding to the note of 
which the sounding has been instructed is read out 
Th^ process is repeatedly carried out until one of the is 
designated pitches (end pitch) at which the glissando 
performance is to be terminated is reached. TTie above 
process will be described in further detail hereinafter 
with reference to Figs. 12 and 13. 

As descrft)ed above, according to the present 20 
embodiment, separate pieces of glissando waveform 
data for respective notes are joined to each other 
(except that normal waveform data is used at the starQ 
to thereby simulate a glissando peribrmance. To 
smoothly join together glissando waveform data of adja- 25 
cent notes, glissando wavefbrm data for each note is 
formed using part of glissando waveform of the immecfi- 
ately preceding note, i.a a musical tone waveform por- 
tion between the time points til and t1. rather than 
using only an actual glissando waveform of each note x 
(represented by a nrtisical tone waveform between the 
time points t1 and t2 in the illustrated example). 

Although in the present embo dim ent, gfissando 
waveform data for each note is prepared by playing the 
guitar by the glissarrio performance method in the » 
direction of the pitch bemg inaeased (jpitch-increastng 
direction), this is not limitative, but it goes without saying 
that glissarxjo waveform data for each note in the direc- 
tion of the pitch being lowered (pitctKfeaeasing dree- 
tion) may be prepared in the same manner as described 40 
above for storage in the waveform data area 25. 

Now. manners of preparing tril waveform data for 
storage in the waveform data area 25 wil be described 
withref(are«x»toRgs.SAto5E. In the figure, the ordi- 
nate represents pitch, while the abscissa represents 45 
time. 

Ftg. 5A shows changes in the pitch of raw or 
unprocessed tril wsv^m data (frvficated by the soOd 
line L2) otTtained by sampfing a waveform of musical 
tone generated by a guitar actually played by a trill per- so 
formance using the pertDrm an ce methods of pulng-off 
and pulBng-oa Ftg. SB shows puiling-off wQveform data 
obtained by cutting out portions mainly induftig lower 
pitch portions of the Fig. SA waveform in which higher 
pitch portions and lower pitch portions occu in an alter- 58 
nating manner. Each piece of the pulling-off waveform 
data contains a joint portion which continues from the 
end of a waveform of the immediately preceding higher 



pitch portion. Fig. 5C shows hammerings waveform 
data otJtained by cutting out portions mainly indudtng 
higher pitch portions of the Fig. 5A waveform data. Each 
piece of the hammering-on waveform data contains a 
joint portion which continues from the end of a wave- 
form of the immediately preceding lower pitch portion. 
Fig. 5D shows musical tone waveform data obtained by 
cutting out portions each constituted by a lower pitch 
portion, the following higher pitch portion, and the fol- 
lowing lower pitch portion, i.a a portion corresponding 
to a hammering-on portion and the following pulling-off 
portion (hereinafter refen'ed to as "down waveform 
data 0. while Fig. 5E shms musical tone waveform data 
obtained by cutting out portnns each constituted by a 
higher pitch portion, the following lower pitch portion, 
and the foifowing higher pitch portion, i.a a portion cor- 
responcfing to a pulling-off portion and the following 
hammering-on portfon (hereinafter referred to as "up 
waveform data 0. 

As shown in Fig. sa a plurality of pieces Ok (k - 1 . 
2. ...) of pulling-off waveform data are cut out Irom the 
sampled triB waveform to form a pulling-off wavefbrm 
groMX which is stored in the waveform data area 25. In 
generating trill, pieces Dk of the puUing-off waveform 
data m sounded, which are selected at random from 
the puinng-off waveform groups as descrfoed hereinaf- 
ter. This is because the pieces Ok of the pul6ng-off 
waveform data are delicateiy different in diratkan. tone 
coky, etc.. from each other, mj therefore a musical 
tone having a putfing-off waveform whnch is more free of 
mannerism can be produced by selecting at random 
pieces of pulling-off waveform data from the pulling-off 
waveform group and souncfing the same, than by 
repeatecfly reading out only one of the pieces Dkofthe 
pulling-off waveform data and sounding the sama 

Sinilariy. as shown ffi Fig. 5Gv a plurality of pieces 
Uk(k«1.2, ...) of hanvnering-on waveform data are cut 
out from the sanpled triB waveform to form a hammer- 
ing-on waveform group, which is stored in the waveform 
data area 2S Then, m generate the tril. similariy to 
the puffing^ waveform data which is used for generat- 
ing trai. pieces of the hammeringKHi waveform data 
are sounded, which are selected at random from the 
ha m merin g-on wavefonm grotfx This is because the 
pieces Uk of the hammering-on waveform data are del- 
icately different in duration, tone cotor. et&, from each 
other. 

Hereafter, the manner of generating musical tones 
by using the pulling-off waveform data Ok and the ham- 
mering-on wavefbrm data Uk wil be referred to as "ttie 
tril 2 method *. 

As shown in Fig. sa a plurality of pieces UOk (k • 
1, 2. ...) of down waveform data each formed by a main 
portfon which shifts from a higher pitch portfon to the foi- 
fowing lower pitch portion, and a joint portfon continuing 
from the end of the immediately preceding lower pitch 
portfon are cut out from the raw or unprocessed trill 
waveform data, and the plurality of pieces of down 
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waveform data thus prepared form a down waveform 
grotjp, which is stored in the waveform data area 25. ft 
should be noted that the above manner of forming the 
down waveform data UOk is not limitative, but one piece 
of waveform data may be selected from each of the 5 
hammering-on waveform data group and the pulling-off 
waveform data ^otp, and the thus selected two pieces 
of waveform data may be joined together in this order to 
form a piece of down waveform data 

Similarly, as shown in Rg. 5E. a pluraiity of pieces 10 
0Uk(ka1.2. ...)of upwavefonndataformedbyamain 
portion which shifts from a lower pitch portion to the fol- 
lowing higher pitch portion, and a joint portion continu- 
ing from the end of the immediatety preceding higher 
pitch portion are cut out from the raw or unprocessed is 
trill waveform data and the pluraJrty of pieces of down 
waveform data ttujs prepared form an vp waveform 
group* which is stored in the wavefwm data area 25. tt 
should t>e noted that the atxive manner of forming the 
down viovefomn data OUk is not limitativa but one piece 20 
of waveform data may be selected from each of t^e pull- 
ing-off waveform data group and the hammering-on 
waveform data gro&p. and the thus selected two pieces 
d wasmfdrm data may be joined together in this order to 
form a piece of up waveform data 25 

In the present embodiment, musical tones of a triB 
performance are generated by using pieces of wav»- 
fomi data UDk or DUk forming the down waveform 
group or the up waveform group. This manner of gener- 
ating musical tones will be hereinafliBr referred to as 3o 
""the triH 1 method'. The generation of musical tones by 
the trill 1 method is also canied out similarly to the trill 2 
method, i.a by sounding pieces UOk or OUk of the 
waveform data which are selected at random from a 
conesponding one of the down waveform group and the 38 
up waveform grot|x 

Although in the present embocSmenl the trSI 1 
method, similarty to the triB 2 method, uses part of ths 
raw triB waveform data this is not Qmftatlva but the up 
waveform data and the down waveform data rr^ bs 40 
prepared by recording (sanpfing) nrwsical tones of gui- 
tar generated by a trdl pertormancs using a perform- 
ance method of pid^ and generated based on the tp 
waveform data and the down waveform data thus pre- 
pared. 45 

New. the manner of assigning perfor man ce method 
codes to performance informatfon prepared in advance 
will be described with refarence to Figa 6A, 6B. 7A and 
7a 

Figa 6A and eSUusme methods of assigning per- so 
formance method codes to the performance informa- 
tion. Fig. 6A shows a method of automatically migning 
pertbrmance method codes to the performance infor- 
matfon, while Fig. 6B shows a method of manualy 
assigning performance method codes to the sama 59 
Figa 7 A and 7B shows a data formiat of performa nce 
information and a datai format of performance informa- 
tfon having performance method codes assigned 
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thereta respectively 

A plurality of pieces of perfomrtance infornnation 
(hereinafter refened to as ""original perfonnance infor- 
mation SMF (Standard MIOI File) prepared by a 
player or a person other than the player are stored In a 
predetermine area of the hard disk in ffle fonnat. and 
from these filea in response to instructions by the 
player, pieces of performance information (MIDI file) are 
selected and loaded into an original performance infor- 
mation SMF storage area provided at a predetermined 
locatfonoftheRAMS. 

The original perfonnance inftxmation SMF is. as 
shown in Fig. 7A. is fonned of header data 31 com- 
prised e.g. of title of a ntisacalpteca date of preparation 
of the musfoal pieca initialization data such as initial 
tempa and volume of perfonnance infbrmatioa event 
data 32 comprised ag. of key-on arenta key-off eventa 
and velocity data and duration data 33 indicative of tim- 
ing of reproduction of each piece of event data. 

To assign a performance method code to aiginal 
performance information SMF in an automatic manner, 
asshmm in Rg. 6A. first perfor man ce information anal- 
ysts is earned out That ia data of the original peribnn- 
ance information SMF are sequentially read out and 
analyzed, and acoordvig to results of the analysia the 
original perfon n ance infbrmation is cfivfoed into 
phrasea based on whkii performance methods by 
which the musical piece is to be played are determined. 
Then, peridrmance method codes corr esponcfing to the 
determined peribrm a nce methods are output More 
spedficaBy. the performance infcym atto n analysis is car- 
ried out by analyzing a sequence of notes represented 
by event data and duration data in the original perfonn- 
ance infor ma tion, based on the peribrmance method 
analysis control data 22 set for a tone odor (timbre) cu'- 
rentfy designated, and aoconiing to results of the analy^ 
sta the sequence is divided into portions (plrases) 
which are to be played by respective klentical perform- 
ance methoda and a peribrmance method code indica- 
tive of the kind of a peribrmance method of each phrase 
is generated. The peribnmance method code is fcxmed 
of data inificative of the name of a performance method 
to be assi^ped. event data to which the performance 
method is to be assigned, parameters requred for gen- 
erating a musical tone aocon^ to the performance 
method, and the number of beets over which the per- 
formance ntethod is to be continued (the aforenoen- 
tioned gfissando continuatfon beat number if the 
performance method is glissando). 

If the original performance infonmation SMF for 
analysis is for guitar, the performance method is deter- 
mined ag. in the foBowfng manner: 

1) A portfon at which instructfons are issued fbr 
attemately soundng two notes having respective 
pitches dff^ent from eech other by a half note a a 
full-note is to be reproduced by a triflperformanca 

2) A portfon at whfoh in^ructfons are Issued for 
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sounding notes such that the pitch is inaeased or 
deaeased at short time intervals is to be repro- 
duced by a gfissando performanca 

Further, if the original performance inlbrmation 5 
SMF tor analysts is for flute, the performance method is 
determined e.g. in the follMing manner: 

1) A porton at which instructions are issued for 
sounding notes having a legato a gently changing io 
sequence of pitches is to be reproduced by a slur 
performanca 

The performance method codes thus output are 
combined with the data of the original p^lbrmance is 
information SMF and stored as C (combined) peffdmv 
ance information CMF in a C performance information 
storage area provided at a predetermined location of 
the RAM 5. More specifically, at a predetermined loca- 
tion of the original performance in fym a t io n shown in 20 
Fig. 7A, the performance method codes generated by 
the performance information analysts are inserted, to 
thereby generate C performance information CMF as 
shown in Fig. 78. The performance method codes are 
each stored at a location prior to the event data for 29 
which the peribmnance method code is to be desig- 
nated, and each designate the kind of a peribrmance 
method to be designated and one or more pieces of 
event data in the sequwice of notes to be played back 
by the performance method. 30 

On the other haivj. to manually assign performan ce 
mettal codes to aiginal peribrmance informaticn. as 
shown in Ftg. 6B, data of the original performance infor* 
mation are sequentially read out and displayed as a 
score on the display device 2. and the user determines 3S 
which portion of the displayed score should be suitably 
played by which performance method while yxemnq the 
sequerwe of notes, not shown, ol the original periionn- 
ance information SMF of the dsplayed soora Based on 
results of the determination, the user operates an event- 4o 
designating operating element not shown In Fig. 2. to 
divide the sequence into phrases which are to be played 
by respective performance methods, and dest^piates 
the kinds of performance methods by operating a per* 
formance method^esignating operating element (per- 45 
famance method switches in Fig. 2). whereby the 
performance method codes oorresporKing to the per- 
formance methods are output The peribr man ce 
method codes are oorntined with the original perform- 
ance infor ma tion SMF and stared as C peribrm a nce so 
inform a tion CMF ^ the C peribrmance informatton stor- 
age area. 

The peribrmance nr^ethod codes are. as menttoned 
BbonB, data for designating which of events in the 
sequence of notes should be played by which idnd of 55 
peribrmance nrrethod. and additionally contain data 
indicative of a lerigth of time over which the designated 
peribrmance method shoJd continue to be used as weil 



as parameters for designating details of the manner of 
carrying out the performance method provided for each 
of the designated Idnds of performance method. 

These parameters ir^duda ag. a ""speed 
parameter " and a "cun/e parameter " which designate a 
manner of instructing sounding of musical tones which 
are generated by a glissando performance at predeter- 
mined time intervals such that one musical tone is 
higher (a lower) than the immediately preceding one by 
a half note a a full note. The ''speed parameter' is for 
controlling an average value of the time intervals (aver- 
age speed) of generation of musical tones by the glis- 
sando performance while the "cun/e parameter' is for 
controlling variation of the time intervals of generation of 
musical tonea tor instanca such that the time intervals 
are shorter during a first half of the glissando peribrm- 
ance and tonger during a latter half of the sama That is. 
ttie ''speed parameter " and the ''curve parameter " con- 
ti'd the frequency of generation of sounding instructions 
which are sequentially generated. 

If the performance method is trill based on the tritll 
method, the performance method code ttierefor con- 
tains a "speed parameter' for controlling an average 
value of tinr)e intervals at which instructions are given for 
sounding nriisicat tones having i43per and lower pitches 
in an alternating manner by a trtil peribmianca a ""cun^e 
parameter' for control li ng variation of the time intervala 
an "upAtown parameter' for determming which of the 
14) waveform data and the down waveform data is to be 
used, and so on. 

Further, when a performance by the guitar is repro- 
duced, two notes played k% successton can be 
exprsssed by the performance method of bending. 
Therefore, a second note played by bending may be 
rea62ed by bencfing waveform data prepared by sam- 
pfing a waveferm of an actual bending peribrmance. 
Also in the case of the performance method of bending, 
the performance method code corrtains a ""speed 
parameter' and a ""curve parameter'. The "speed 
parameter' in this case represents a time inten/al 
between the start of bending and a transition to a sound 
after the bendina wh9e the "curve parameter' repre- 
sents changes in pitch during the time interval To make 
ttie benc&ig waveform data agree with the "speed 
paranrteter' and tt)e "curve parameter', a time stretoh 
method may be enrployed in which waveform data is 
stretched or shortened along time axis whae maintairv 
ing pitches thereof. 

Thua different kinds of parameters are provided for 
respective performance method codes depending on 
ttie kinds of instruments to be similated and peribrm- 
ance mettwds to be assigned. 

These parameters may be automatically set 
according to time intervals of occurrence of events and 
the like obtained t>y analyzing the event data per se des- 
ignated by a pertormance method code therefor and 
duration data therebetween, or alternatively, set by the 
user, parameter by parameter, by operating an operat- 
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ing element therefor, not shown. 

New. an outline of a co n tr o i process carried out by 
the musicaJ tone^^enerating apparatus constructed as 
atxjve will be descnbed with reference to Fig. 8. and 
then the control process will be described in further 5 
detail with reference to Figs. 9 to 1 7. 

Fig. 8 illustrates how an automatic performance 
process is carried out by the musical tone-generating 
apparatus according to the present emtxxiiment based 
on C peribrmance information OMR w 

As shewn in the f igura data of the C performance 
information CMF stored in the C performance informa- 
tion storage area is read out piece by piece, and sub- 
jected to timing decodng. The timing decoding is a 
process for reading out the data such that when a piece is 
of data read out is duration data, the following piece of 
data is permitted to be read out after waiting for the 
lapse of a time period corresponding to duration desig- 
nated by the duration data. The process of time decod- 
ing is earned out by modifying the vaJue of the duration 20 
data according to a value of tempo data stored in the 
header area 31 , and inhibrting the reading of the C per- 
formance information CMF until the niodffied value of 
the duration data, which is deaemented in synchronism 
with a timer interruption stgnaJ generated by the timer 6. 25 
becomes equal to ''0'. Instead of modifying the value of 
the duration data according to the value of tempo data, 
thedeaemental value may be modified aocordirig to the 
value of tempo data. Further, instead of modifying the 
value of duration data according to the value of tempo so 
data, the timer irrterri^Ttion time may t>e changed 
according to the value of tempo data. 

As a result of the time decoding, one of two lands of 
data. i.& the event data and the performance m^hod 
code data, is read out whereby a MIDI event (which ss 
means an event generated by event data i.a MIDI data 
in Fig. 7'. but will be afabrwiated merely as an "event' 
when there is no fiaar of confusion) or a performarKe 
method code is generated 

When the performance method code is read out. 40 
which contains, as descnbed above, a pecforma n ce 
method automaticany determined (or manually desig- 
nated), an event or events to which the perform a nce 
mettiod is to be assigned (hereinafter referred to as 
"designated event(s)'). various parameters peculiar to 45 
the perfonnance method, and the number of beats over 
which the use of the perfor man ce method is to be oorv 
tinued. these data are read out and stored in a bufl^ 
provided at a predetermined locatfon of the RAM 5. An 
event or o/ents which have not yet oocurred and oorre- so 
spend to the designated event(8) stored in the buffer 
(hereafter, data of the designated event(s) stored in the 
buffer will be also refeaed to as "designated event(s)') 
so long as there is no fear of confusion) are searched, 
and a predetermined mark is attached to the event(s) a 
searched out 

When an event occurs, it is determined whether or 
not the event has the mark attached thereto. If the event 



has the mark, a designated event-extracting process is 
carried out to extract the event (i.e. the designated 
event). When the designated event has been extracted 
by this process, the tone generator corrtrol is not carried 
out according to the designated evertt but the perform- 
ance method interpretation block controls the tone gerv 
erator such that a rriisical tone is generated wtth 
musicaJ tone variation characteristics, such as tone 
cola variatioa pitch variation and ampirtude variation, 
which are dependent on the fond of the performance 
method, according to the information of the designated 
event and the performance method stored in the buffer. 

On the other hand, when the designated event- 
extracting process does not attract the designated 
eviant that is, when a normal event other than the des- 
ignated event occurs, the ^ent is used for normal con- 
trol of the tone generator. For example, when the event 
which has occun-ed is a note-on event and at the same 
time it is not the designated event normal sounding 
instructions responsive to the note-on event are issued. 
This generates a normal musical tone as a single must* 
cal tone which does not involve special time processing 
and the like, based on normal waveform data shown in 
Fig. 3. which is different from a special performance 
method waveform. 

Fig. 9 shows a routine for carrying out a process for 
reproducing C performance infor ma tion CMF (C per- 
formance infomfiuorweproducing process), which is 
started when the player instructs reproductnn of the C 
performance information CMF by using the operating 
element panel 1 or the like. 

Refening to Rg. 9. first, at a step SI. initiafization of 
vanous devices, parameters, etc is carried out This ini- 
tialization includes a process for reacfing the C perforn>- 
ance informatfon selected by the player from the hard 
disk to load the same in the C performance information 
storage area, a process for reading the tone cofor data 
TCOk used by the C performance information CMF from 
the hard disk to load the same in a predetermined area 
of thewavefomi Ram 12. and a process fbr setting the 
tenpo acoorc&ig to terrp data stored in the header of 
the C performarKe infomiatfon CMF. 

Then, occurrence of initiating factors is checked fbr 
atastepS2. 

Initiating factor 1: any of the above-mentioned 
€vent8 occurs. 

Initiating factor 2: any of the performance method 
codee occurs. 

Initiating factor 3: the tfrner 6 detects the lapse of a 
time period s^ thereto. 

Initiating factor 4: any request event other than 
those constituting the ffvtiating factors 1 to 3, and 5 is 
detected: for example, an operation event indicating that 
ttie user operates the operating element panel 1 is 
detected. 

Initiating factor 5: the power switch, not shown, is 
turned off. 

At the following step S3, it to determined whether or 
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not any of the above initiating factors 1 to 5 has 
occured If none of the initiating factors 1 to 5 has 
occured. the program returns to the step S2. tf any of 
the initiating factm 1-5 has occun'ed, on the other 
hand, the program proceeds to a step S4 to determine 5 
which of the above initiating factors has occun-ed. 

If the resutt of determination at the step S4 Indi- 
cates that the Initiating factor V has occurred, the pro- 
gram proceeds to a step S5 to execute an event process 
(details of which will be described hereinafter with refer- 10 
ence to Fig. 10) with reepect to the generated MIDI 
event If the ^'initiating factor 2* has occurred, the pro- 
gram proceeds to a step S6 to execute a performance 
method code process (details of wNch will be described 
hereinafter with reference to Rg. 1 1 ) with respect to the 15 
generated performance method coda H the Initiating 
facta 3" has occurred, the program proceeds to a step 

57 to execute a timer process subroutine descrft>ed 
hereinafter with reference to Rg. 13. tf the ''tnrtiatirtg 
facta 4' has occurred, the program proceeds to a step 20 

58 to execute other processes with respect to the gen- 
erated request ^ent If the 'Initiating facta 5" has 
occun^. the program proceeds to a step S9 to execute 
a predetermined terminatirig process. 

After any of the above steps S5 • S8 is corrpleted, 2s 
the program retims to the step S2 to repeat the abcve- 
desaft>ed processmg. If the terminating process of the 
step S9 is completed, the present C peribrmance infa- 
mation-reprodudng process is terminated or com- 
pleted 30 

Rg. 10 shows a subroutine fa canrying out the 
aiX3ve-mentioned event process. 

Referring to Rg. 10. fvst at a step S11, the event 
data coftttituting the initiating facta 1 is stored in an 
event data storage area ED preyed at a predeter- 35 
mined location of the RAM 5 (hereinafter the contents 
staed in this area wiU be r^erred to as "event data 
EOT 

Then, it is determined at a step S12 whetha a not 
the event data ED is designated as having been 40 
''processed*. The designaticn of "processed" means 
that the mark refen^ed to hereinabove wHh reference to 
Rg. 8 has been attached to the went and tfter^e the 
event data designated as having been ""processed* is 
data fa which a special perta man oe method is desig- 45 
nated. i,a the de signat ed event data. 

If it is determined at the step S12 that the data is not 
designated as having been ^processed", the normal 
musical tone control other than the peribrmance 
method code process is carried out in response to the » 
event data ED at a step SI 3. Fbr example, if the event 
data ED is a '"noteon event generation of one musical 
tone based on the normal waveiorm data is instructed to 
the tone generata (i.e. the access control block 8. the 
wavefbrm readout bk)ck 9. and waveform RAM 12), 55 
while if the event data ED is a ""notecff event', one 
nrusical tone corresponcfing thaeto which is being gen- 
erated by the tone generata is set to a state of release 



whereby the souncfing of the musical tone is terminated. 

On the other hand, if it is determined at the step 
S12 that the event data ED is designated as having 
been "processed *. the present subroutine for the event 
process is immediately tennnated 

Rg. 1 1 shows a subroutine for carrying out the per- 
formance method code process executed at the step 
S6. 

Rrst at a step S21. the performance method code 
data constrtutirTg the initiating facta is staed in a per- 
formance method code data storage area PTC provided 
at a predetermine location of the RAM 5 (hereinafter the 
contents staed in this area will be referred to as "per- 
fomiance method code data PTC 

Then, event data fa which the perfamance method 
is designated by the peffbrmance method code data 
PTC is searched fa at a step S22. This search is car- 
ried out on pieces of event data in the C pedbrmance 
information CMF. wtiich have not yet occurred (not yet 
been read out), based on the designated event data 
staed in the buff^. 

If the designated event data has been found by this 
search, the event is designated as having been 
"processed ' at a step S24. and a subroutine fa a pa- 
formance method interpretation process is executed at 
a step S25. On the otha hand, if the designated data 
has not been found by the search, the present subrou- 
tine fa the perfonnance method code process is imme- 
diately terminated 

The subroutine fa the perfamance nriethod inta- 
pretatwn process is constituted by a plurality of subrou- 
tines corresponc^ respectivefy to a plurality of 
performance methods pecuSar to each selected tone 
cotor. and contained \n the perfamance method inta- 
pretation control data 23 in Rg. 3. The designated 
event(s). i.a the event data designated by the perform- 
ance method code can include a plurality of events in 
the sequence of the C performance infon ro tion CMF. 
Fdr example, tf the designated perfamance method is 
tril. the sequence of notes contains note-on events 
altemately oocurr^ and having two pitches diffaent 
from each otha by a half note a a fuS nota as the event 
data ED, and hence the perfamance nriethod code of 
tril designates these plurality of events. Furtha, this is 
the same with the case whae the designated perfomv 
ance method is glissanda That ia one glissando pa* 
formance method code designates a sequence of all 
event data of (a related to) a glissando performanca 
"To interpret the performance method ' means carrying 
out musical tone control based on the kind of perform- 
ance method designated by the performance method 
code instead of musical tone control originally carried 
out based on the event data. The musical tone control 
based on the peribrmance method code depends on 
contents of the event data. Fa exampla the musical 
tone control based on the peribrmance method code of 
trifl carriee out trill of two pitches in a manoa con^e- 
sponcfing to note^'s of the two pitches altemately 
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stored in the C performance information. Although in the 
present embodiment, as the speed parameter, one oorv 
tained in the perlbrmance method code is used, this is 
not limitative tx/t an average value of time intervals of 
note-on's of two pitches may be used ir^ead. 5 

Fig. 12 shows a subroutine for carrying out a glts- 
sando start process when the tone cola of guitar is des- 
ignated. This process is part of the performance method 
interpretation process descried above, and ts called for 
execution only once at the step S25 in Rg. 1 1 . when the 10 
performance method code data PTC designates 
"glissando*. 

Refening to Rg. 12. first at a step S31, a sounding 
schedule SS is prepared based on the start pitch and 
end pitch to which the effect of glissando is to be is 
imparted as wefl as the speed parameter and the curve 
parameter out of various parameters stored in the 
buffer. For gtissanda events of a sequence of musical 
tones progressively rising in pitch (or falling in pitch) in 
the sequence are designated by the performance 20 
method coda In the musical tone control based on the 
performance method code of glissanda the peifbrm- 
ance method code replaces these event& For example, 
the start pitch and the end pitch corresp on d to the first 
pitch and the last pitch of the sequence of nusical tones 25 
rising in pitch (or falling in pitch), respectively. Further, 
the musical tone generated by glissando rises (or fails) 
according to the scale of a particular key. and therefore 
the nrusical tone control is carried out by determinino 
the key of the sequence of musical tones to be gener- 30 
ated by the events, and at the same by determining 
which scale should be used. The sound^ schediie m 
formed by short phrase data containing instructions for 
souncfing of a plurality of notes to actually carry out the 
performance method designated by the performa n ce ss 
method code, and contains data for designating niar>- 
ners of generating musical tones, such as souxling tun- 
ing suitable for each performance method canried out 
over the duration of each phrase, pitch variatioa wave- 
form variation, ^ume variation, etc. 40 

Then, the sounding of a start waveform based on 
the sounding schedule SS is started at a step S32. 
More specifically, the pitch, wavefarm data (as the start 
wavefbmfi. normrUaveform data is used, instead of the 
glissando waveform data, as described hereinabove), 49 
volume EG. etc.. which are Mcatad by the souncfing 
schedule SS are set to the tone generator, whereby the 
souncSng is started 

Then, timing lor instructing sound ng of a musical 
tone following the musical tone of the start pitch of the so 
sequence of musical tones rising in pitch (or falling in 
pitch) sequentially designated for sounding by the glis- 
sando performance, i.& a time period correspon din g to 
a time interval between the timing of sounc^ of the 
nrusical tone of the start pitch and the timing of sound- 55 
ing of the following musicaJ tone is set to the timer 6. at 
a step S33, followed*by teminating the gfissando start 
process. 



Thus, at the tone generator, the attack portion of the 
start waveform data designated at the step S32 is read 
out. and then the loop portion of the same waveform 
data is repeatedly re^ out whereby the musical ixmB 
generated based on the start waveform continues to be 
sounded over a time period indicated by the sounding 
schedule SS. e.g. until the volume of the musical tone is 
progressively decreased in response to an instnjction 
for starting damping of the nrtusical tone given at a step 
S41. referred to hereinafter, below a predetermined 
threshold value (until the ntjsical tone becomes hardly 
heard). 

Rg. 13 shms a subroutine for carrying a glissando 
contiruation timer process as part of the timer process 
subroutine at the step S7, which is executed when the 
timer 6 detects the lapse of the time period set at the 
stepS33. 

Referring to Rg. 13. the damping of a nrusical tone 
being generated is started at a step S41. 

Then, according to the somding schedule SS, 
sounding of the following nusical tone is started at a 
step S42. More specTically, a portion (wavefonn data) of 
glissando waveform data (one piece of wavefonn data 
fomied by the attadc portion and the loop portion, 
described hereinabove with reference to Rg. 4) is des- 
ignated, which co rre sp ond s to the following musical 
tone incficated by the soundbig schedule, i.e. a musical 
tone following ttie last musical tone of a sequence of 
musical tones rising ^ pitch (a falfing in pitch) which are 
successively designated for sounding by a glissando 
perfonnance, and similariy to the step S32. the desig- 
nated wavefonn data, as wefl as the pitch designated by 
the souncfing schedule SS. the volume EG. etc. are set 
to the tone generator, followed by starting the sounding. 

Then, it is determffied at a step S43 whether or not 
the pitch of the musical tone being sounded is ttie end 
pitch. If ttte pitch is not ttie end pitch, i.e. ttiere remains 
a portion of ttie glissando waveform to be generated 
(gfissando wavefonn of each note to be read out), simi- 
lariy to ttie step S33, ttie timer 6 is set according to ttie 
souxfing schedule SS at a step S44, followed by termi- 
nating ttie glissando continuation timer process. 

On ttie ottier hand, if it is determined at ttie step 
S43 ttiat ttie musical tone being sounded has ttie end 
pitch, ttie glissando continuation timer process is imme- 
dtataly terminated , 

It shoidd be noted ttiat when a performance mettiod 
of strolo is to be sinrulated, ttie sintdation can be 
effected by modifying ttie above mettiod of sintiatvig 
ttie peribrrnance method of fl^issanda More specifically, 
ttie sounding schedideSS at ttie step S31 is modified to 
one for ttie peribrrnance mettiod of stroke, and ttie 
sounding tMng pattern is made denser ttian one for 
arpeggia and ttie dancing process at ttie step S41 is 
onvtted. 

Rg. 14 shows a subroutine for carrying out a trin 1 
start process when ttie tone color of guitar is desig- 
nated This process forms part of ttie subroutine for ttie 
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peffonnance method intefpretat'on process at the step 
S6. and is called for execution only once at the step S25 
tnFtg. 11 when the performance noethod code data PTC 
designates "the trill 1 method'. 

Referring to Fig. 14, first at a step S51. it is deter* s 
mined whether or not the piayer has designated the 
pitch-increasing drectior> as the trilling direction. If the 
player has designated the pitch-decreastng direction, a 
waveform group corresponding to the speed parameter 
is selected out of the down waveform grotp descrft)ed io 
hereinabove with reference to Rg. 5D. at a step 352. On 
the other hand, if the player has designated the pitch- 
increasing direction, a waveform group corresponding 
to the speed parameter is selected out of the up wave- 
form g-oup described hereinabove with reference to Fig. is 
5E.atastepS53. 

At the following step S54. the sounding of the start 
wavefbmi of the waveform grotp selected at the step ' 
S52 or S53 is started, and then the trill 1 start process 
is terminated. 20 

Rg. 15 shows a subroutine for carrying out h trill 1 
continuation timer process as part of the Fig. 7 subrou- 
tine for the timer procesa The trdl 1 continuation timer 
process is started when the timer edetects the lapse of 
a predetermined time period, i.a a time period within 25 
which the reading of the start raveform designated for 
sounding by the tri0 1 start process descrtMd with refer- 
ence to Fig. 14 is completed. 

Referring to Fig. 15. ftrst at a step S61. it is deter- 
mined whether or not a designated contfrtuation time so 
period. I.e. a time period during wNch the performance 
based on the trii 1 method is to be cont^iued has 
elapsed. If the oontroation time period within elapsed, 
the triB 1 continuation timer process is immediately ter- 
minated, whereas if the de si g na ted continuation time 38 
period has not elapsed, the program proceeds to a step 
S62. 

At the step S62. a random number is generated, 
and at the following step S63, a wav^m is selected 
from the selected waveform group aooon&ig to the ran- 40 
dom number. Then, at a step S64. the soundng of a 
musical tone based on the selected waveform is 
started, and then the trifl 1 oontinuaiion timer process is 
terminated. 

Rg. 16 shews a subroutine for carrying out a trill 2 45 
start process when the tone color of guitv is selected. 
This process forms part of the subroutine executed at 
step S6 for carrying out the performance method inter- 
pretation process^ and is called for execution only once 
at the step S25 in Rg. 11 when the performance method so 
code PTC designates "the trii 2 method'. 

ReferringtoRg. 16.ftrst atastepS/l.thepUrtng- 
off (lower pitch) waveform group de6crft)ed hereinabove 
with reference to Fig. 5B is selected, and then at a step 
S72. the hammering-on (tfaper pitch) wavefonm group ss 
descrft)ed heretriabove with ref^ence to Rg. 5C is 
selected. 

Then, it is detemnined at a step S73 whether or not 



the player has designated the prtch^increasing direction 
as the initial trilGng cfirectlon. On the other hand, if the 
player has designated the pitch-decreasing direction as 
the initial trilling direction, a trilling (fraction flag U. 
which, when set to "1 *. indicates that the trilling direc- 
tion Is the pitch-increasir^ drection. is set to "0 * (which 
indicates that the pitch-deaeasing direction has been 
designated) at a step S73. and a start waveform is 
selected from the lower pitch waveform group, at a step 
S75. 

On the other hand, if it is determined at the step 
S73 that the player has designated the pitch-inaeasing 
direction as the initial trilling Erection, ^e trilling direc- 
tion flag U is set to "1 " (which indicates that the pitch- 
increasing direction has been designated 1 at a step 
S76. and a start waveform is selected from the upper 
pitch waveform group ata step S77. 

At the fdlcwing step S78. the sounding of a musical 
tone based on the start waveform selected at the step 
S75 or S77 is started, followed by temninating the trill 2 
start process. 

Rg. 17 shows a subrout^ for carrying out the trill 
2 continuation time process which forms part of the sub> 
routine executed at the step 87 for carrying out the timer 
process. The trill 2 continuation timer process is started 
when the timer 6 detects the lapse of a predeterm'ned 
time period, i.e. a time period within which the readtfig 
of the start waveform designated by the trill 2 start proc- 
ess descri>ed above with reference to Rg. 14 is com- 
pleted. 

Referring to Fig. 17. fist at a step S81. it is deter- 
mined whether or not a designated continuation time 
period, i.a a time period during which a trifl 2 perform- 
ance is to be continued has elapsed. If the continuation 
time period has lapsed, the trill 2 continuation timer 
proceee is terminated, whereas if the designated contin- 
uation time period has elapsed, the program proceeds 
to a step S82. wherein a random number is generated. 

At the following step S83. it is detemiined whether 
or not the trilling (Srection flag U assumes "r. If U«0 
holds, i. a if the trifling direction is the pitchKlecreestng 
direction, a waveform is selected firom the hamming*on 
(upper pitch) wveform group according to the gener- 
ated random rumber ref^ed to hereinabove at a step 
S84. On the other hand, if U - 1 holds, i.e. if the trillbig 
direction is the pHch-incretting direction, a waveform is 
selected from the puling^ (lower pitch) waveform 
group aocorcfing to the generated random mmiber at a 
stepS85. 

Then, the sounding of a musical tone based on the 
waveform selected at the step S84 or 885 is started at a 
step see. and then the trilling direction flag U is 
inverted. foOowed by terminating the trii 2 contiruiation 
ta'mer process. 

As descri>ed above, according to the present 
embodUnent musicd tones generated by specific per- 
formance methods peculiar to natural instruments are 
sampled, and the sampled musical tone data are proc- 
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essed and stored in a memory de^hce, such as a hard 
disk, and the performance methods peculiar to the nat- 
ural instrun>efTts are sinulated based on the musical 
tone data thus stored. Therefore, it is possiisie to faith- 
fully reproduce variatior» in tone color caused tsy van* 
ous performance methods pectiiar to each natural 
instrumer^ 

Although in the present embocSmerrt waveform 
data based on various performance methods, such as 
glissando wavefomn data and tremolo waveform data, 
are prepared for each note, this is not limitative, but 
since a normal waveform menfx)ry tone generator can 
easily effect a pitch shift by using an F number or the 
like, only one waveform data may be prepared for ^ch 
sequence of a plurality of notes and subjected to pitch 
shift aocofding to each nota This can reduce the capac- 
ity of the waveform memory. 

Further, although in the preserrt embedment 
waveforms t>a86d on pulling-off and hammering-on per- 
formance methods are recorded or sampled as trill raw 
waveform data, this is not limitative, but there may be 
also employed trill performance waveforms generated 
by sliding fingers at frets, or a pitch bend performance 



It shoukl t>e noted that according to the present 
embodiment, the designation cH a performance method 
and the reproduction of performance informatnn are 
separately canied out this is not fimitative. but real tinre 
performance or automatic performance reproductksn 
may be canied out by destf^ng a performance 
method in real time using a manual performance 
method-designating switch. 

Further, although \n the present embodiment a 
wavefbmi memory tone generator is emptoy^d as the 
tone generator, this Is not limitativei but the present 
inventfon can be applied to other types of tone genera* 
tors. In such a case, instead of pnoviding a plurality of 
wavefonro con-espondng to a plurality of perfbnmance 
methods, only Mnds of wavefomns coaesponcfing to per- 
formance methods to which tone ootor parameters can 
be set may be provided, whereby simiarfy to the 
present embodiment the sounding of nrusical tones 
may be controlled by a sounding control program suita- 
ble for each performance method. The object of the 
present invention may be aooonpOshed by providing a 
storage mediun in which a software program having the 
functions of the above-described embodiment is 
recorded, in a system or apparatui^ and causing a com- 
puter (CPU 3 or MPU) of the system or apparatus to 
read out and execute the program stored in the storage 
mecSum. 

In this case, the pro-am itself read out from the 
storage medum achieves the novel functions of the 
present invention, and the storage mediun storing the 
program constitutes or provides the present tnventfon. 

The storage medum for supplying the program to 
the system or apparatus may be in the form of the hard 
disc as descrft>ed above. CD-ROM, MO, MO. floppy 
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disc CD-R (CD-Recordable), magnetic tape, nonvola- 
tile memory card, or ROM 4. for axanpla Alsa the pro- 
gram may be supplied from other MIDI equipment or a 
server computer through a communcatkxi network. 

The functions of the illustrated embodiment may be 
accorrplished not only tiy executing the program read 
out by the computer, but also by causing an OS operat- 
ing on the computer to perform a part of or all of actual 
operatfons according to the instructions of the program. 

Further, the program read .out from the storage 
medium may be written in a memory provided in an 
expanded function board inserted in the computer, or an 
expanded function unit connected to the computer, and 
the CPU 3 or the like provided in the expanded functfon 
board or ei^^anded function unit may actually perform a 
part of or aO of the operations, based on the instructions 
of the program, so as to accomplish the functfons of the 
illustrated embodiment 
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1. A method of generating musical tones, comprising: 

a decomposing step of decomposing musical 
piece data into phrases. sakJ musk»l piece 
data being formed of pieces of performance 
data arranged in order of performance; 
an analyzing step off analyzing saxl pieces off 
performance data of said musk^l piece data 
for each off said phrases obtained by said 
decorrposirig step; 

a preparing step of preparing tone cola control 
data for said each of said phrases according to 
resdts of saU analyzing; 
a reproducing step of reproducing said pieces 
of performance data of said nrusical pieoedata 
by sequentially readng said pieces of perform- 
ance data at timing at which said pieces of per- 
formance data are to be performed; and 
a controling step off controaing tone color char- 
acteristics off musical tones to be generated 
based on selected ones of said pieces of per- 
fbrmance data which are reproduced by said 
reprodudng step^ according to sakJ tone color 
control data prepared for ones off said phrasee 
to which sM selected ones of said pteces of 
performance data beksng, respectively. 
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2. A method of generating musical tones, comprising: 

a first storing step off storing a plurality off 
pieces of tone cotor control data corresponcfing 
to respective peribrmance methods in tone 
color control data-storing means; 
a second storing ^ep of storing periormance 
data in performa n ce data-storing mearts; 
a data-generating step of generating peribrm- 
ance method data that designates which of * 
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said performance methods said performance 
data corresponcte to; 

a selecting step of selecting one of said pieces 

of tone color control data which conesponds to 

said performance method data generated by 5 

said data-generating step; 

a musical tone-generating step of generating a 

musical tone based on said performance data; 

and 

a controlling step of controlling tone color char- io 
acteristics of said musical tone generated by 
said musical tone-generating step, according to 
said selected one of said pieces of tone color 
control data. 

15 

3. A method according to daim 2. including: 

a tone cola-selecting step of selecting a kind of 
tone color of a musical tone to be generated; 
and 20 
a third storing step of staing pieces of said per- 
formance method data . peculiar to said 
selected Mnd of tone color, in performance 
method data-storing means; 

said data-generating step selecting and 25 
generating a desired piece of performance 
method data from said pieces of said perform^ 
ance method data peculiar to said Wnd of tone 
color selected by said tone color-selecting step, 
according to said performance data. so 

4. A method according to dann 2. where^ said piecee 
of tone color control data each include a plurality of 
waveform data corresponding respectively to said 
performarwe methods. 35 

5. A method according to dsam 2. wherein said pieces 
of tone color control data each include a pluralrty of 
sounding control programs corresponcfing respec- 
tively to said performance methods. 4o 

fL A method of generating musical tones, oortpri sin g: 

a first storing step of storing a plunifity of kinds 
of waveforms for generating gfissanc^ wove- 45 
forms in musics tone waveform-storing means, 
each of said Mnds of waveiorms rtself having a 
tone color variation characteristic and a pitch 
variation characteristic pecUiar to a gfissando 
performance method, and comprising an attack so 
portion to be read out first only once and a kxap 
portion to t>e repeatedly read out after said 
attack portkxi is read out; 
a wavefbrm-designating step of sequentially 
destgnattng a sequence of wavelorms necea- 55 
sary for generating a desired glissando wave- 
form from saki plurality of kinds of waveforms 
stored in sakI musical tone waveform-storing 



means; 

a timing<Jesignating step of designating 
sounding timing for starting reading of each 
waveform of said sequence of waveforms des- 
ignated by said timing-designating step; 
a first reading step of starting reading of sakj 
attack portion of said each wavefonn of said 
designated sequence of waveforms, at saki 
designated sounding tirreng while terminating 
reacting of an Immediately preceding waveform 
being sounded; 

a second reading ^ep of repeatedly reading 
sakj kx3p pon»n touting sakj attack portk>n 
upon completion of sakj reading of sakj attack 
portion; and 

a generating step of repeatedly executing sakj 
first and seocmd reat£ng steps to sequentially 
read out sakj designated sequence of wave- 
forms and generating mimical tones based on 
sakj designated sequence of waveforms. 

7. A method of generatffignrusical tones, comprising: 

a storing step of storing a plurality of kinds of 
wavefonns of musical tones which change in 
pitch between two pitches, in musical tone 
v»wefwm-«toring means; 
a reading step of selectively reac&ig out wave- 
forms from sakj plurality of kvids of waveforms 
stored in sakj musical tone wavefonm-storing 
means; 

a selecting step of selecting at random one 
wavefonn from sakj pluality of kinds of wave- 
forms of musical tones stored in sakj musical 
tone waveform-storing means whenever sakj 
selective reacfing of another wavefonn of sakj 
plurality of Mnds of waveforms selected imm^ 
diately before sakj selection of saki one wave- 
form is terminated: 

a generating step of generating a musical tone 
by reacfing out said waveform selected by sakj 
selecting stepL 

8. A rnethod of generating musical tones, comprising: 

a first storing step of storing a plurality of Mnds 
of waveforms of musical tones each having a 
f irst characteristic as a frst musical tone wave- 
form groip in firet waveform-storing means; 
a second storing step of storing a plurafity of 
kinds of wavelbrms of musical tones each hav- 
ing a second characteristic as a second musi- 
cal tone waveform groM» in second waveform- 
storing means; 

a selecting step of selecting a waveform alter- 
nately from said first musical tone waveform 
group and sakj second musical tone waveform 
group: and 
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a generating step of generating a musical tone 
by rea££ng out said waveform selected by said 
selecting step. 

9. A staage mecfium that stores a program that can s 
be carried out by a computer, comprising: 

a decomposing modiie that decomposes 
musical piece data into phrases, said musical 
piece data being formed of pieces of perforrrv w 
ance data ananged in order of performance; 
an analyzing module that analyzes said pieces 
of peitormancedata of said musical piece data 
for each of said phrases obtained by execution 
of said deconrposing module; is 
a preparing module that prepares tone color 
control data for said each of said phrases 
acGorcfing to results of said analyzing; 
a reproducing module that reproduces said 
pieces of performance data of said musical 2o 
piece data by sequentially reading said pieces 
of performance data at timing at which said 
pieces of performarKe data are to be per- 
formed; and 

a contrdltng module that controls tone color 2S 
characteristics of musical tones to be gener* 
ated based on selected ones of said pieces of 
performance data which are reproduced by 
execution of said reproducing module, aocoid- 
ing to said tone color control data prepared for so 
ones of said phrases to which said selected 
ones of said pieces of performance data 
belong, respectively. 

10. A staage medium that stores a program that can ss 
be carried out by a conputer, comprising: 

a first storing module that stores a plurality of 
pieces of tone color control data conresponding 
to respective peribrmance methods in tone 40 
color control data-storing means; 
a second storing module that stores perfbrm- 
anoe data in peribrmance data-storing means: 
a data-generating module that generates per- 
formance method data that designates which 48 
Of said peribr man ce methods said perform- 

data corresponds to; 

a seiectihg module that selects one of said 
pieces of tone oofor control data which corre- 
sponds to said performance method data gen- 50 
erated by sooscution of said data-generating 
module: 

a musical tone-generating module that gener- 
ates a nvsical tone based on said peribrmance 
data: and 55 
a controlling module that controls tone color 
characteristics of said musical tone generated 
by execution of said musical toneiienerating 



nxxiule. accorc£ng to said selected one of said 
pieces of tone color control data 

11. A storage medium that stores a program that can 
be canied out by a conputer. comprising: 

a first storing module that stores a plurality of 
Kinds of waveforms for generating gtissando 
waveforms In musical tone waveforirvstoring 
means, each of said kinds of wavefornns itself 
having a tone color variation characteristic and 
a pitch variation characteristic peculiar to a glis* 
sando peiformance method, and comprising 
an attack portion to be read out first only once 
and a loop portion to be repeatedly read out 
after said attack portion is read out; 
a wavefomrt-designating module that sequen- 
tially designates a sequence of waveforms nec- 
essary for generating a desired glissando 
waveform from said plurality of kinds of wave- 
forms stored in said musical tone waveform- 
storing means; 

a timing-desi^pYating moc^e that designates 
souncfoig tinring for starting reacfing of each 
waveform of said sequence of wavefams des- 
ignated by exBCutfon of said timing-designating 
nxxiile: 

a first reading module that starts reading of 
said attack portion of said each waveform of 
said designated sec^ence of waveforms, at 
said designated sowiding timing while termi- 
nating reading of an immediately preceding 
waveform being soiled; 
a second reading modide that repeatedly reads 
said toop portion fdtowtng said attack portfon 
tpon c omp l etion of said reading of sad attack 
portion; and 

a generating module that repeatedly executes 
said first and seoond reading module to 
sequentialy read out said designated 
sequence of waveforms and generating musi- 
cal tones based on said designatsd sequence 
of wavefbrmSb 

12. A storage medium that stores a pro-am that can 
be carried out by a conputer, oonprising: 

a storing modi^ that stores a plurality of kinds 
of waveforms of musical tones which change in 
pitch between two pitcheai in musical tone 
waveforrrvstoring means: 
a reacting module that selectively reads out 
waveforms from said plurality of kinds of wave- 
forms stored in said musical tone wavefomrv 
storing means; 

a selecting module that selects at random one 
waveform from said plurality of kinds of.wave- 
fbrms of musical tones stored In said nrvsical 
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tone waveform-storing means when^er said 
selective reading of another waveform of said 
pfuralrty of Mnds of waveforms selected imme- 
diately before said selection of said one wave- 
form is terminated; and 5 
a gen^ating module that generates a musical 
tone by reading out said waveform selected by 
execution of said selectir^ moduta 

13. A storage medium that stores a program that can 10 
be carried out by a conputer. comprising: 

a first storing module that stores a plurality of 
kinds of waveionrns of nuisical tones each hav* 
ing a first characteristic as a first musical tone 1$ 
waveform group in first wavefomvstoring 
means: 

a second storing module that stores a pturafity 
of lands of waveforms of musical tones each 
having a second characteristic as a second 20 
musical tone waveform group in second wave- 
form-storing means; 

a selecting nxadule that selects a waveform 
alternately from said first musical tone wave- 
form group and said second musical tone 2S 
wavefbrm group; and 

a generating module that generates a nmjsical 
tone by reacfing out said waveform selected by 
execution of said selecting modulei 
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